Midlatitude storm tracks shift in response to climate change and natural climate variations 5 such as El Niño, but the dynamical mechanisms controlling these shifts are not well estab- 
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by stationary eddies) may be added later, or their effect on storm tracks can be inferred to 150 the extent they can be taken as independent of transient eddies.
151
The diffusive EBM equation in spherical coordinates can be written as
with polar boundary condition 153 ∂ φ T (−π/2) = ∂ φ T (π/2) = 0.
Here, T is temperature, φ is latitude, D(φ, φ h ) is the diffusivity, which may be latitude 154 dependent and also depends on the Hadley cell terminus at latitude φ h ; R is the radius 155 of the Earth; E(φ) is the radiative-equilibrium temperature profile; and τ rad is a radiative 156 relaxation timescale. This radiative forcing is similar to that in the GCM in MS13 and MS17.
158
The energy balance (1) states that the evolution of temperature (or energy) in a given Shortwave heating, long-wave cooling, and sensible and latent surface energy fluxes are 165 parametrized using linear relaxation toward a prescribed radiative-equilibrium temperature 166 profile E(φ) over a fixed radiative timescale τ rad . The radiative-equilibrium profile E(φ) is 167 the same as in the idealized dry GCM and mimics annual-mean conditions on Earth, 168 E(φ) =T E + ∆ H (1/3 − sin 2 φ).
Here,T E is the global-mean temperature and ∆ H is the pole-equator temperature contrast 169 in radiative equilibrium.
b. Eddy energy transport
The meridional temperature (energy) flux can be decomposed as
where the first term on the right-hand side is the meridional energy flux owing to mean 173 circulations, the second term is the transient eddy energy flux, and the third is the stationary 174 eddy energy flux (see Peixoto and Oort 1992) . The overbar represents a temporal mean,
175
and primes departures therefrom. The square brackets represent a zonal mean along a 176 latitude circle, and asterisks departures therefrom. The GCM we have used in the previous 177 studies, which we also refer to throughout this paper, has no means to excite stationary 178 zonal asymmetries; hence, we ignore the last term on the right-hand side for now. Thus, a 
In the extratropics (|φ| > φ h ), we use a constant diffusivity, D(φ, φ h ) = D x , obtained from the 
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The variations of diffusivity with latitude and climate in Fig. 1 
229
The total diffusivity in the EBM thus takes the form
where
introduced to smooth the transition between the enhanced tropical diffusivity Table 1 lists EBM parameters and their reference values used throughout this study.
EBM Results
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278
Most parameter values are the same as those used to force the GCM, especially the radiative 279 parameters. 
308
More precisely, the approximate analytical solution shows that to first order, the differ-
309
ence between the storm track latitude φ s and the Hadley cell terminus φ h is given by
where E x is an average extratropical radiative-equilibrium temperature. The signs were 
Hence, the tropical bulk stability is given by
and we assume the subtropical bulk stability at the Hadley cell terminus to scale with the 364 tropical bulk stability. In using (11), we assume that T ≈ θ. cell terminus, increasing the bulk stability leads to a poleward expansion of the Hadley cell.
369
The response of the Hadley cell terminus and the storm tracks in the EBM to changes in 370 the convective stability are shown in Fig. 4 . The EBM's response is qualitatively similar to 371 the response seen in the GCM (Fig. 1b) of storm track shifts highlighted above.
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In low-convective stability climates in the EBM, the distance from the storm tracks to 
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Forced on its own, the EBM produces results that are qualitatively similar to the GCM, 2) Comparing EBM to GCM causes of the storm track shifts seen in the GCM simulations.
398
Figure 5 compares a statistically steady state climate from the GCM to the corresponding 399 EBM result. The zonal-mean temperature profiles agree qualitatively (Fig. 5a ). The errors the pole remain because the constant-diffusivity parameterization is inadequate there.
408
Although the EBM with its constant diffusivity in the extratropics is too simple to capture 409 the rich structure of the GCM's temperature gradient profile (Fig. 5b) , it does capture the 410 position of the storm track, and the Hadley cell parameterization seems to work adequately.
411
The EBM captures the salient features of the GCM's mean-temperature and temperature- expansion of the Hadley cell, which pushes storm tracks poleward.
526
• The EBM, in concert with our previous GCM studies, is consistent with the finding that represented by the EBM. The EBM and the two modes of storm-track shifts it exhibits are 552 a useful starting point to anchor such further investigations.
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APPENDIX
558
Analytical EBM Solution
Starting with the steady-state version of the EBM equation and assuming D cos φ to be 559 constant, we obtain a Cartesian ODE,
where y = Rφ and A = 1/τ rad . The boundary conditions are a specified energy flux F across 561 the Hadley terminus at distance y h = Rφ h from the equator, and zero flux at the pole:
Focusing on the northern hemisphere for notational simplicity, we nondimensionalize the 563 domain using y = α(y − y h ), where α = (y p − y h ) −1 with distance to pole y p = Rπ/2, so that 564 the Hadley cell terminus is at y = 0 and the north pole at y = 1. The radiative-equilibrium 565 temperature profile is transformed accordingly to
The ODE becomes
where D = α 2 D, with boundary conditions, 
with homogeneous boundary conditions
as a measure of radiative forcing strength relative to eddy diffusion. This boundary value 576 problem has cosines as eigenfunctions, so we express the solution as a cosine series, T = 577 n≥0 τ n cos(nπy ), and expand the forcing analogously: S = n≥0 s n cos(nπy ). The so- S cos(nπy ) dy for n > 0.
and the angle brackets denote an integral over y : · = 1 0 (·) dy .
584
The storm-track latitude is obtained by taking the second derivative of this solution with 585 respect to y and solving for its zeros. Using a first-order Taylor expansion in y , the result
or, substituting for G and B from their definitions and restoring the original meridional 588 coordinate,
where the eddy efficiency ζ = π 2 α 2 D/A measures the relative importance of eddy diffusion 
provides an improved fit (Fig. 3) . Equation (A16) shows that ψ increases as the energy 596 flux across the terminus strengthens. The first derivative of (A15) with respect to ψ is 597 negative everywhere except in the limit as ψ goes to infinity, where the derivative goes to 598 zero. Therefore, it is again clear that, for fixed y h and α, storm tracks move closer to the 7 . Difference between the latitudes of the storm track φ s and the Hadley terminus φ h versus subtropical temperature gradient, for the EBM (red), the GCM (black), and the analytical EBM solution forced with parameters from the GCM but with the Hadley cell terminus assumed constant at 25
• N (blue). The least-squares linear-regression lines are plotted in their respective colors. The temperature gradient has been multiplied by the Earth radius R to express it as a temperature difference in units of Kelvin. What are plotted are the anomalies relative to the arithmetic mean for each dataset.
